IMPORTANCE As the population ages, cognitive impairment has promised to become increasingly common among patients with cancer. Little is known about how specific domains of cognitive impairment may be associated with survival among older patients with hematologic cancers.
D ementia affects as many as 14% of individuals older than 70 years in the United States, and its incidence will likely triple by the year 2050. [1] [2] [3] Milder forms of cognitive impairment, also highly prevalent, are characterized by changes in memory and thinking that do not overtly impede function but can manifest under conditions of stress. 4 These forms of impairment can affect specific cognitive domains and have different clinical implications. For example, Alzheimer dementia and cognitive impairment of multiple sclerosis are characterized by early deficits in working memory and delayed recall, which are cognitive domains that have been amenable to rehabilitation. [5] [6] [7] Other forms of cognitive impairment are characterized by early deficits in executive function and visuospatial abilities. 8, 9 Although associated with higher rates of toxic effects of treatment and mortality in patients with solid tumors, 10,11 cognitive impairment often goes undetected in the oncology clinic. Intact cognition is especially important for patients with hematologic or blood cancers because cure is often still possible in advanced disease, and treatment regimens are complex and frequently include inpatient components. Moreover, routine treatment regimens and blood transfusion protocols often include drugs that further impair cognition, such as corticosteroids, benzodiazepines, and anticholinergic medications. Finally, all cancer treatment may exacerbate existing health deficits; in a large study of older patients with solid tumors, deaths among the cognitively impaired were most often due to nononcologic causes. 10 Indeed, patients with blood cancer are also at risk of nononcologic causes of death.
Chronological age, comorbidities, and performance status have limited utility in capturing the heterogeneity of the older population.
12, 13 The National Comprehensive Cancer Network recommends screening for geriatric syndromes, such as cognitive impairment and frailty, as an integral part of routine oncologic care for older patients. 14,15 Cognitive impairment is highly correlated with frailty and associated functional loss; however, the Fried frailty phenotype scale, 16 the most widely used measure of frailty, 17 does not specifically consider cognitive function. The Rockwood cumulative deficit model is another approach that translates frailty into a conceptually simple score based on deficits, such as comorbidities and impaired activities of daily living, and can incorporate measures of cognition. 18 In both measures of frailty, individuals may be cognitively impaired without meeting frailty criteria. Preliminary data suggest that cognitive impairment may be associated with worse survival among patients with blood cancer [19] [20] [21] ; however, many questions remain regarding the prevalence and influence of domain-specific cognitive impairment in this patient population. In other disease processes, such as stroke, subarachnoid hemorrhage, and chronic obstructive pulmonary disease, impairment in working memory has been associated with nonadherence to medication therapy and difficulties reporting complications, 22 whereas executive dysfunction has been associated with increased delirium and difficulties with positive health behaviors, such as smoking cessation. 23, 24 Poor performance on different cognitive domains often suggests different interventions. 25 Deficits in executive function suggest greater difficulties with planning, organization, and multitasking, all of which are cognitive skills important for independent living and functioning.
8 Deficits in executive function are often due to underlying cerebrovascular disease and can be elucidated by specific testing such as the Clock-in-the-Box (CIB) test. Impaired working memory suggests greater difficulties with simple directions and retaining information. Working memory deficits can be elucidated by delayed recall and are more treatable with cognitive training. 25 In this context, we performed cognitive and frailty screening on all patients with blood cancer 75 years and older who presented for an initial visit at our institution. We hypothesized that impairment in working memory and executive dysfunction would be correlated with overall frailty and that both would be associated with worse survival.
Methods

Study Design and Patients
From February 1, 2015, through March 31, 2017, all patients 75 years and older who presented for initial consultation in the leukemia, myeloma, or lymphoma clinics at the DanaFarber Cancer Institute, Boston, Massachusetts, were approached to participate in a frailty assessment. Information about the screening was included in the new patient packet sent to each patient before their visit. The screening was performed by a nonphysician clinic assistant (W.F.J.) and took an average of 15 minutes. The assistant was trained in the methods of geriatric screening by a board-certified geriatrician (T.T.H. and J.A.D.) and observed closely for competency before performing the screening independently. To ensure independent clinical decision making, patients' oncologists were blinded to the results of the frailty assessment for at least 48 hours; cognitive impairment screening results were not explicitly provided because they are not diagnostic. The study was approved by the Dana-Farber Cancer Institute-Harvard Cancer Center Office for the Protection of Human Research Subjects. All participants signed informed consent.
Key Points
Question How prevalent and predictive is domain-specific cognitive impairment among older patients with hematologic cancers?
Findings In this cohort study of 360 patients with blood cancer, screening results were positive for executive dysfunction in 127 (35.3%) and for impairment in working memory in 62 (17.2%). Impairment in working memory was associated with increased overall mortality (median survival, 10.9 vs 12.2 months), whereas impairment in executive function was not.
Meaning Domains of cognitive dysfunction may be prevalent among patients with blood cancer and may have differential predictive value for survival.
Measures of Frailty
The phenotype approach to frailty measurement by Fried et al 16 involves the following 5 items: slow gait speed, poor grip strength, unintentional weight loss, low energy expenditure, and self-reported exhaustion. Patients with 3 or more factors were categorized as frail; with 1 to 2 factors, as prefrail; and with no factors, as robust.
14 This approach has been well validated as a predictive marker of poor outcomes, including hospitalizations, falls, and mortality. Our assessment additionally measured frailty using the cumulative deficit method developed by Rockwood et al, 18 which resulted in a 42-item frailty index (range, 0-1.0, with higher scores indicating increased frailty).
Measures of Cognitive Impairment
The Mini-Cog, 26 which consists of a 3-word delayed recall and a clock drawing task, is commonly used as a cognitive screen but is generally not considered to be sensitive enough to detect milder forms of impairment. 27 The Mini-Cog includes items that test executive function and memory, which are the domains of cognition most relevant to patient self-management and adherence with medical care. We therefore decided to use a variation on the Mini-Cog that has a more challenging combination of tests, the CIB plus the 5-word delayed recall from the Montreal Cognitive Assessment. All 3 tests are screening tools typically scored without adjustments made for age or educational level, although the reading and/or drawing abilities needed for the CIB test inherently require a vision and educational threshold. The CIB test is a validated, easily administered modification of the Clock Drawing Test. 28, 29 Testing takes approximately 2 minutes and correlates well with performance on the more comprehensive Mini-Mental State Examination and measures of independent function in community-dwelling older persons. 8 To administer the CIB test, patients are presented with 2 sheets of paper. The top sheet provides written instructions for the patient to read and briefly remember. The second sheet includes 4 colored boxes. The patient is asked to draw a clock in the blue box, setting the hands to 10 minutes past 11. Eight discreet items are included, designed to assess working memory (eg, placing the response in the blue box and including all clock numbers) and planning and organization (eg, clock size and number spacing), both of which are components of executive functioning. Consistent with previous studies, 8 we defined a score of 7 to 8 as normal; 5 to 6, possible cognitive impairment; and less than 5, probable cognitive impairment. Interrater reliability for scoring on a sample of CIB tests between the clinical assistant and geriatrician was high (κ = 0.89). Sample CIB results and scores for 6 patients are available in eFigures 1 to 3 in the Supplement. We used the 5-word delayed recall list from the Montreal Cognitive Assessment to screen for impairment in short-term memory. 30, 31 We asked patients to remember the words and repeat them immediately to ensure encoding, distracted them for approximately 5 minutes with the CIB test and a grip strength test, and then prompted recall. We defined a score of 3 of 5 words remembered spontaneously after 5 minutes as possible cognitive impairment and 2 or fewer words as probable cognitive impairment, as in prior studies. [32] [33] [34] Administration of both screening tests takes an average of 8 minutes.
Additional Variables
Clinical characteristics such as sex, age, disease type, comorbidities (calculated using the Charlson Comorbidity Index [range, 0 to ≥5, with higher scores indicating greater comorbidity] 35 ), and survival days were collected from the medical record. As in prior work with this population, 36 patients were classified as having indolent disease (myelodysplastic syndromes, chronic lymphocytic leukemia, myeloproliferative neoplasms, follicular lymphoma, hairy cell leukemia, monoclonal gammopathy of unknown significance, smoldering myeloma, and Waldenstrom hypergammaglobulinemia) or aggressive disease (acute myeloid leukemia, multiple myeloma, acute lymphoblastic leukemia, mantle cell lymphoma, and diffuse large B-cell lymphoma). In terms of treatment, patients were divided into the following 3 groups: none, supportive or attenuated, and intensive. Patients were considered to have received supportive or attenuated treatment if they were receiving only erythropoiesis-stimulating agents, blood transfusions, or significantly dose-reduced chemotherapy. All patients included in our analysis had at least 3 months of follow-up from the initial assessment.
Statistical Analysis
We first characterized the prevalence of possible and probable cognitive impairment and covariates using means with SDs for continuous data and percentages for categorical data. To assess the rigor of our overall frailty screening process, we characterized the ability of phenotypic frailty scores to estimate mortality by using Kaplan-Meier analyses. We classified participants into 2 groups for cognitive performance (probable cognitive impairment vs other) for the CIB and delayed recall tests and estimated Spearman correlation coefficients for association with the Fried frailty phenotype. The association of performance on each of the screening tests with overall survival was evaluated with survival analysis and repeated in analyses stratified by cancer type (indolent vs aggressive) and treatment type (none vs supportive or attenuated vs intensive). We also examined the association between the 2 domains of impaired cognition and survival with multivariable regression analysis, adjusting for age, comorbidity, and cancer aggressiveness (we chose to exclude treatment in these models given the colinearity with cancer aggressiveness). Data were analyzed using multivariable logistic regression analysis, with P < .05 indicating significance.
Results
Cohort Characteristics
Of 420 patients 75 years or older who were approached, 360 (85.7%) consented to frailty screening ( Table 1 ). In the study population of 360 patients, 232 were men (64.4%) and 128 were women (35.6%). The mean (SD) age was 79.8 (3.9) years, and 195 (54.2%) were 75 to 79 years of age. One hundred seventeen patients (32.5%) were treated in the leukemia clinic; 123 (34.2%), in the lymphoma clinic; and 123 (34.2%), in the myeloma clinic (including a small group of patients seen in 2 clinics). Overall, 132 patients (36.7%) had aggressive disease and 228 (63.3%) had indolent disease; 70 (19.4%) were not offered treatment, 54 (15.0%) underwent supportive or attenuated care, and 236 (65.6%) underwent intensive treatment. The mean (SD) Charlson Comorbidity Index was 3.6 (1.8). The median overall survival of the cohort was 12.1 months (range, 0.1-22.8 months). One hundred twenty-four patients with indolent disease (54.4%) were alive at 1 year of follow-up compared with 58 (43.9%) with aggressive disease; 13 patients were lost to follow-up. In terms of frailty status, 104 patients (28.9%) were phenotypically robust; 211 (58.6%), prefrail; and 45 (12.5%), frail. The 1-year overall survival in each of these groups was 64%, 47%, and 34%, respectively.
Prevalence of Cognitive Impairment
Of 360 patients who agreed to frailty screening, 19 declined at least 1 of the cognitive screening tests ( Table 2) . Among those who declined screening, 6 were robust, 8 were prefrail, and 5 were frail by the cumulative deficit index (excluding cognitive domains) and 2 were robust, 6 were prefrail, and 11 were frail on the Fried frailty phenotype scale.
Survival among these 19 patients was not significantly different compared with the rest of the cohort (eFigure 4 in the Supplement).
In the overall cohort, deficits in executive function were more common than those in working memory. Probable cognitive impairment was found in 127 patients (35.3%) by the CIB and in 62 (17.2%) by delayed recall. Most patients with probable impairment in working memory measured by the 5-word delayed recall test (40 [64.5%]) also had probable impairment in executive function as measured by the CIB test.
We found a modest correlation between probable cognitive impairment and prefrail or frail status (CIB, ρ = 0.177; d e l a y e dr e c a l l ,ρ=0 . 170; P = .01 for both) but not for sex, comorbidity, or disease aggressiveness. Among patients classified as robust by the Fried frailty phenotype criteria (n = 104), the prevalence of probable cognitive impairment was 24 (23.1%) by the CIB test and 9 (8.7%) by the 5-word delayed recall test. Analyses of each clinical group for the 2 cognitive domains by aggressive and indolent disease presentation did not show a difference in prevalence except for the 5-word delayed recall test, which was more prevalent among patients with aggressive myeloma (12 of 58 patients [20 .7%] vs 5 of 64 patients [7.8%]; P = .04).
Cognitive Impairment and Mortality
Among all patients, probable impairment on the 5-word delayed recall test was associated with an increased risk of overall mortality (median survival, 10.9 [SD, 12.9] vs 12.2 [SD, 14.7] months; log-rank P < .001) ( Figure 1A) , whereas probable impairment on the CIB test was not associated with survival (logrank P = .10) ( Figure 1B ). Among patients with aggressive disease, decreased survival was seen among those with probable impairment on the 5-word delayed recall test only (log-rank P < .001) (Figure 2A ). Among those with indolent disease, only impairment on the 5-word delayed recall test was associated with worse survival (log-rank P = .01) ( Figure 2C ). In multivariate analysis when adjusting for age, aggressiveness of disease, and comorbidity, patients with impairment in working memory had worse survival (odds ratio, 0.26; 95% CI, 0.13-0.50). Patients with executive dysfunction had survival odds Among patients treated with intensive regimens, decreased survival was seen for probable cognitive impairment on the 5-word delayed recall test (log-rank P < .001) and CIB test (log-rank P = .03) (Figure 3) . We found no significant difference in survival between patients with probable cognitive impairment who were untreated or underwent supportive or attenuated treatment (eFigure 5 in the Supplement). 02] months among frail patients) groups, although statistical significance was seen only among the frail (P = .001) and prefrail (P = .008) groups. The CIB results did not form distinct survival groups. All analyses were adjusted for age, which was not associated with worse survival.
Discussion
Using 2 validated measures in a population-based screening approach, we found domain-specific cognitive impairments to be prevalent among older patients with blood cancer, with 1 of 3 patients probably affected. Many patients who were robust on the frailty phenotype assessment also had probable cognitive impairment, a finding suggesting that cognitive screening adds important information to standard screening using the Fried criteria. Deficits in working memory were associated with worse survival in the overall cohort and after adjusting for age, comorbidities, and disease aggressiveness. However, deficits in executive function were predictive of mortality only in a subset of patients undergoing intensive treatment. Taken together, these data support the feasibility and potential utility of routine domain-specific cognitive screening among older patients with blood cancer.
Our findings are consistent with smaller prior studies. In a pilot study of older adults 65 years or older with hematologic cancers awaiting hematopoietic stem cell transplant (n = 62), cognitive assessment with the full Montreal Cognitive Assessment identified 24 with dementia (38.7%) and 14 with cognitive impairment (22.6%).
37 Dementia detected as part of a geriatric evaluation was associated with poor survival among German patients with chronic lymphocytic leukemia (n = 97), 20 and cognitive impairment was predictive of mortality among 107 ostensibly clinically fit older Belgian patients with different blood cancers (hazard ratio, 3.26; 95% CI, 1.04-10. 19 ). 19 In the United States, Klepin and colleagues 21 found that inpatients with acute myelogenous leukemia with impaired cognition had worse overall survival (n = 74).
Cognitive impairment is associated with poor prognosis in patients with solid tumors, 11 and our data suggest the same is true for blood cancers. In addition to the increased risk of delirium and nonadherence to medication therapy, impairment is likely also correlated with noncognitive health deficits. For example, poor cognitive function has been associated with higher levels of comorbidity for other populations such as longterm care facility patients.
38
Understanding domain-specific cognitive impairment may assist hematologic oncologists in tailoring their explanations, assessments, and care delivery for older patients. Specifically, a poor CIB score with normal recall suggests deficits in executive functions such as planning, organization, and multitasking.
8 These patients often seem cognitively intact but can have substantial difficulty following complex conversations and multistep commands, managing medications and appointments, and driving safely to the cancer center. Executive dysfunction most often reflects underlying cerebrovascular disease and can significantly influence independent function and quality of life. 23 Patients may benefit from written instructions, repetition, and routine. 25 In contrast, evidence of impaired working memory without executive dysfunction or delirium suggests Alzheimer disease or amnestic cognitive impairment (possibly from 
Limitations
Our analysis has limitations. First, given the various socioeconomic and cognitive abilities needed to navigate the referral process and because our patients came from a single tertiary center, we probably underestimated the prevalence of cognitive impairment among new outpatients with blood cancer. Moreover, the high rate of intensive treatment among the elderly cohort (65.6%) is unlikely to be found in a community setting. Second, we were unable to perform criterion standard neurocognitive tests or to make specific cognitive diagnoses owing to resource limitations. However, we found an association with survival among patients found to be probably impaired on delayed recall testing, which argues for the underlying validity of that screening measure. Third, although a large proportion of patients agreed to participate (85.7%), some declined, which may have led to participation bias. Fourth, although we have conjectured that cognitive impairment may affect patients' ability to make informed treatment choices or to manage their care, we acknowledge that we did not assess these constructs directly. Finally, we have not yet attempted to measure the association of cognitive impairment with other nonmortality outcomes important to older patients living with cancer including quality of life, mobility, socialization, and independent living.
Conclusions
Our data suggest that routine domain-specific screening for cognitive impairment can be integrated into the care of older patients with blood cancer and that the prevalence of impairment is substantial. In our cohort, the CIB test detected more impairment than the 5-word delayed recall test; however, poor performance on the 5-word delayed recall test had better predictive value for mortality. Clinic staff can easily be trained to administer both screening tests, which take only a few minutes. Moreover, we found that many patients who appeared to be robust may have had a degree of cognitive impairment that could affect their survival. The median survival difference of greater than 1.3 months for patients with impaired delayed recall was arguably small, but in oncology, new treatments have been approved for even smaller gains. 41 Further research should focus on tailored strategies to mitigate domainspecific cognitive dysfunction in this patient population.
